Sending an Aluminium Box to
orbit with Open Source

team-anant.org



An Al box to space,
you say?

(Futurama
reference)
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Tanuj who?
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Why is this talk happening?
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First HyS imager in India



Courtesy of
NASA/JPL-Caltech



http://www.jpl.nasa.gov/imagepolicy/

- Payload: First HyS imager in India
- Wavelengths: 400 - 1000 nm

- Resolution: 5 nm



Specs: 3U, 2.84 Kg

Team: 40 Undergrads

Application: CO, monitoring
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Timeline



TIMELINE AND OBJECTIVES

: A group of passionate undergraduates- S
n : Parth Garg, Hemant Singh, and Akash Gupta @) : Review by SRC followed : MOl

=& : came together to lay the foundations of ¢ : by APEX for go/no-go : the

: Team Anant in January 2013 : clearance for Preliminary
. - design review

: Submission of PDR

: Proposal review and feed- : documents
:back by Standing Review :
: Committee(SRC)

: Submission of student e Mainframe

: satellite proposal : Configuration
: : finalization
: Response to SRC comments 8 : Preliminary Design
: from University : Review of S/C



First ground station
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Anant and Open Source



Anant and Open Source

Research, not just follow known procedures

Correlate with academics



- Microprocessors
- Computer architecture

- Microelectronics!



How to correlate?



On Board Computer

ZedBoard - Zynq 7000-SoC
- ARM Cortex A9 + FPGA

Runs PetaLinux

Also runs ADCS algos

Image compression on FPGA




On Board Computer

ZedBoard - Zynq 7000-SoC

- ARM Cortex A9 + FPGA
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On Board C

Runs PetaLinux

omputer

TEAM

ANANT

12C Program-user
Clock 3.3V LVDS

User Push-buttons,
Active High

FMC1 LPC connector Xilinx XADC Header FMC2 LPC Connector

Quad SPI Flash Memory(1Gb) Eight-user LEDs

SD Card Interface Connector User 2-pole DIP Switch

Configuration Mode Select Switch
Zyngq All Programmable SoC

System Clock, 200 MHz, 2.6V LVDS

Power Management System
(bottom and top of board)

Power On/Off Slide Switch

FPGA PROG Push-button
12C Bus Switch

12C Real-Time Clock (RTC)
CAN Bus Transceiver

DDR3 Component Memory (1 GB)

DMI Controller, HDMI Video Conne

USB JTAG Module with in

9 RGMII Ethernet PHY Oscillator,
USB Mini-B Conn

25.000 MHz

10/100/1000 MHz
Ethernet PHY,
RJ45 with Magnetics

USB 2.0 ULPI Transceiver,
USB Mini-B Connector

2x6 and 1x6
PMOD /O Header

Ethernet Status
LEDs

2x6 Male Pin I/0
Header driven from
12C Expander U8SO

USB-to-UART Bridge,
USB Mini-B Connector



On Board Computer

Also runs ADCS algos
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On Board Computer

Image compression on FPGA
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Image compression




Image compression

Lossless multispectral and hyperspectral image
compression



Operating System

Linux - the best way to understand a computer

Specific: Petalinux

Understand computers at low level: Embedded systems
Understand computers at hardware level: Computer Architecture

Low level systems programming



Operating System

- Device drivers for custom low level actions
- Interrupts

Both devices and PS-PL
- Filesystems

- Flight Plan



Operating System

- OBC boots at start up
- Start up sequence coded in Linux

- Multiple processes spawned
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Figure 3 : Normal Modes and associated sub-tasks




Flightplan

Task execution.
Polling health metrics.
Process health management.

Mode specific tasks (modelled as Linux processes

Operating System/Kernel space

Device drivers




And the rest of the satellite?












Arduino

Versatile testing hardware
Used for HILS
Interrupts testing

Device simulation




End.

tanuj.co
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